2 Zombi pea (Vigna vexillata (L.) A. Rich) is an underutilized crop belonging to the genus Vigna. 3 Two domesticated forms of zombi pea are cultivated as crop plants; seed and tuber forms. The 4 cultivated seed form is present in Africa, while the cultivated tuber form is present in a very 5 limited part of Asia. Genetics of domestication have been investigated in most of cultivated 6
Introduction 28
The genus Vigna is an important taxon of leguminous plants. This genus comprises more 29 Table 1 . Domestication-related traits determined in F 2 population derived from cross 125 between cultivated (Bali) and wild (India) accessions. (azuki bean primers) (S1 Table) . (max=0.949, min=0). Among these stacks, 479 RAD markers showed homozygote polymorphic 202 genotype between parents. However, among these 479 RAD markers, 362 RAD markers were 203 discarded because they had percentage of missing data more than 10%.
205
Linkage map analysis 206 Finally, 264 markers (145 SSR, 117 RAD and 2 morphological markers) were used for 207 the linkage map construction after discarding markers showing identical F 2 genotypes, missing 208 data more than 10%. Among these markers, as high as 128 (48.5%) showed segregation 209 distortion. The 264 markers were clustered into 11 linkage groups (LGs 1-11) ( Table 2 and Fig   210 2). The map spanned 704.8 cM in total, with a mean distance between markers of 2.87 cM. The 211 lengths of linkage groups ranged from 30.9 cM (LG10) to 112.7cM (LG2). A gap between 212 markers more than 15 cM presented on only LG11 (between markers DMBSSR192 and 213 CEDG066). LGs 5, 6, 7, 8, 10 and 11 possessed the several/many distorted markers. The distorted 229 markers clustered together. All the markers on LG8 were distorted markers.
LGs 5 and 8 The parents were clearly different in all the traits recorded. The cultivated zombi pea 259 showed higher value of trait value than the wild zombi pea in all the traits except pod shattering, 260 seeds per pod, tubers per plant, and tuber length. For qualitative traits, the cultivated parent had 261 yellow seed with any mottle, while the wild zombi pea had brown seed with black mottle (Fig 1) .
262
The mean, range and standard deviation, and broad-sense heritability of the quantitative traits are 263 shown in Table 3 . Mean of the traits of the F 2 population was between mean of parents for all 264 traits except pod length, tuber length, 10 th node length and number of seeds per pod. The measured traits in the F 2 population showed nearly a normal distribution (Table 3) .
271
PDT, SD100WT, SDL, SDW, SDT, PDW, STT, LFPW, LFML, LFMW, TBWT, STL10 and 272 PDDM showed moderate to high heritability (>60%), whereas LFPL, TBW, TBL and FLD 273 showed medium to low heritability (<60%). PDL, NTB and SDNPPD showed heritability lower 274 than 30%.
275
There was significant and positive correlation (P<0.05) between related traits in F 2 276 population, such as between seed-related traits (SD100WT, SDL, SDW and SDT), between pod 277 width and seed-related traits (SD100WT, SDL, SDW and SDT), between SDNPPD and PDL, 278 between LFPW and LFMW, between TBW and TBWT (S2 Table) . Negative correlation was 279 found between TBW, TBWT and SDNPPD, STL10 and LFML and NTB, TBL and FLD (S2 280   Table) . In general, correlation between related traits was moderate to high (> 0.50), while 281 correlation between non-related traits was low or none.
283
QTLs for domestication-related traits 284 The results of the QTL analysis for each trait in F 2 population are shown in QTLs with the highest contributions to these traits (PVE = 20.65% and 18.11%) were found on 304
LGs 4 and 2. QTLs for both PDL and PDW on LGs 5 and 7 were located close to QTLs for seed 305 size traits (Fig 4) . These two traits showed small trait variation and/or low heritability (27.7% for NTB) (Table 3) .
325
For TBW, five QTLs were identified on LGs 1, 2, 3, 4 and 8 in which the QTL on the LG8 had 
334
Earliness. Days to first flowering and days to first maturity were considered.
335
Days to first flowering (FLD). The cultivated and the wild parents were very different in 336 FLD (102.6 and 72.4 days, respectively). The F 2 population showed a high variation for the trait 337 (Table 3) . However, only one QTL was detected for this trait. The QTL was on LG1 and 338 accounted for only 17.37% of the trait variation. The alleles from the cultivated parent prolong 339 FLD.
340
Days to first maturity (PDDM). Similar to FLD, the cultivated and the wild parents Distribution of domestication-related traits 365 QTLs with large effect (PVE > 20%) were found on four linkage groups, viz.
LGs 4, 5 366 and 7 (Table 4) .
367
LG4. Large Sdnppd5.1-were clustered together on this linkage group (Fig 4) .
375
LG7. Most 
